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ABSTRACT

This analysis addresses thE question o" whether environmental considerations

should be the limitinn constraint to possible increase in sulfur content of USAF

jet fuels. Such increases are proposed in order to increase the availability of

jet fuels such as JP-4. The current averaqe sulfur content of 0.05 percent by
weiqht and two hypothesized levels of 0.4 percent and 1.0 percent are analyzed

in this study. Aircraft emissions and meteoroloqical conditions around an air-

base are maximized to produce predicted "worst-case" ambient air quality levels.

Analysis show that the environmental concentrations are well within national

standards under "worst.-case" conditions and would not be measurable under typical

conditions. Results of brief measurements by others are in aqreement with this

analysis. Consequently the upper limit for sulfur in jet fuels should be
governed by enaine durability and not by environmental considerations.
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SECTION I

INTRODUCTION

Current decreases in the availability of petroleum products are of concern

to the US Air Force as a major user of jet fuels. Also, the cost to the Air
Force of JP-4 jet fuel has drastically increased during the past 2 years from

rouahly $0.15 per gallon to $0.28 per gallon. Consideration is therefore

beinn niven to the feasibility of relaxinq the procurement specification for the
maximum allowable sulfur content in JP-4, (currently set at 0.4 percent sulfur by

weiqht). Relaxing this specification will apparently allow for qreater refininq

flexibility and therefore improved fuel availability and possible cost benefits.

At least two major concerns about increasina sulfur in JP-4 must be addressed.

First, the durability of enqine components must not be significantly degraded.

Second, the environmental consequences of such an action must be considered.
This report analyzes only the environmental area of concern. The request to per-

form this study was made by the Fuels Branch of the Air Force Aero-Propulsion

Laboratory. At their suqgestion, three sulfur content levels were considered.
Values of 0.05 percent sulfur by weight were chosen to represent the current

average level; 0.4 percent, which is the current JP-.4 maximum limit specification,

and 1.0 percent, to represent a hypothesized higher level for consideration.

Since essentially all sulfur is oxidized to S02 when combusted in a turbine
engine, the emission indexes are constant over all enqine operating modes when
normalized by fuel usage. These values were calculated to be 1.0, 8.0, and 20.0

grams SO% per kilogram of JP-4 fuel combusted and correspond to the 0.05, 0.4,

and 1.0 percent sulfur levels, respectively.

5-6
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SECTION II

AIR QUALITY SIGNIFICANCE OF S02

Federal emission regulations for the control of air pollution from aircraft

engines do not include limits for sulfur or oxides of sulfur (ref. 1). Since

individual states do not have authority to promulgate emission standards for

aircraft, the only legislated limitations for sulfur are in thf: form of ambient

air quality standards. The National Primary and Secondary Ambient Air Ouality

Standards are listed below (ref. 2). Primary standards are defined as levels,

with an adequate margin of safety, which are set to protect g]eneral public health.

Secondary standards are defined as levels below which adverse welfare effects

would not normally be anticipated. These standards for sulfur dioxide are as

follows:

Primary standards - 80 Plicroqrams per cubic meter, ar~nual arithmetic mean

- 365 microqrams per cubic meter, maximum 24-hour concentra-

tion not to be exceeded more than once per y,.ar

Secondary standards - 60 micrograms per cubic meter, annual arithmetic mean

- 260 microqrams per cubic meter, maxirmum 24-hour conc.entra-

tiorn not to be exceeded more than once per year

- 1300 microqrams per cubic meter, maximum 3-hour concentra-

tion not to be exceeded more than once per year

Adverse health effects such as chronic brcnchitis, acute rspiratory disease,

decreased lunn function, cardiopulmonary symptoms, and angravation of asthma have

been positively correlated to hiah levels of SO>. The presence of total suspended

particulates (TSP), alona with SO, has lonq been suspected to cause more severe

health effects than either pollutant alone. However, increasinq concentrations of

S02 and TSP do not show a consistant correlation to aqqravated health effects.

Suspended sulfates show a much better correlation, but they are not routinely

measured and have no established national standard. The atmospheric transforma-

tion of S02 to sulfates is extremely complex and will not be modeled in this

analysis.

Research efforts after the establishment of national SO. and TSP standards

. . ... .. ... ...
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K've qenerally supported their validity (ref. 3). Pollutant threshold levels

for health effects from lonq-term exposures are now judqed to be sliqhtly above

the current standards. Thresholds may be sliqhtly below the short-term (24-hour)

standards for some effects, such as the aqgravation of asthma which has been

shown to occur at 180- to 250 aig/m 3 SO2 concentrations. Any revision of current

SO, standards or the addition of standards for sulfates will probably not occur

until the biological response is further understood and better control strategies

can be resolved. Consequently this analysis uses only the current SO;, standards

as a measure of environmental impact.

TI
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SECTION III

ANALYSIS TECHtJIOUES

Analysis of the proiected increases in sulfur was performed u'".nq the US Air
Force/Argonne N1ational Latiratory Air Quality Assessment Model (A')A'O) (ref. 4).

This larme computerized code was developed specifically for environviental dCe-

sments such as this one. Two major proqr~ms 4of the ArJAV w r4: %nd ii tf i,

analysis: the Source Inventory Proqram, and thp 1,hort.-Torrr hisperi(on Proqram.

The Source Inventory Proqram accepts operational input information ,uch as number%

of aircraft landinqs ind take-offs (LTOs) per year, numbers, of trainina "touch

and no's" per year, and engine operating times in each -,f the L.TO cycle modes,.

Cdlculitions are dutomatically performed to produce a total pollution e-missionar

inventory in minetric tons of pollutant produced per year fror Fr r'orce basecs.

The, Short-Terr- Dispersion Program tales the annual emis;lion "-ventory, adjusts it

tc the applicable monthly, weekday, and diurnal eriission level, distributes these

emissions over line and area geometries as they apply to specific aircraft opera-

tions, and performs physical dispersion calculations baseu] on hourly wind direc-

tior, windspeed, atmospheric stabilities, and mixing depth;,

Since the Greatest increase in ambient air concen'r,itions would occur at the.:

Irdti.,', ;where the emissions are greatest, errission inventories of large SAC

('.w.riqht-Patterson AFB), TA( "ýellis AFFP, and ATC (Williams AFi) bases are

compared. The results are presented in figure 1. Emissions of a major MAC and

AFLC base were not computed but are assumed to be rour:hly equal or less than the

J)r. bý,,s fWriiht-Patterson AF!.) due to, ;imilaritie, ir' .he nuribor of flyinq opera-

tions. Tablp I provides d breakdown of ,r!, Pmissions by aircraft operational

'node at Wi lliar"; A.FB'.

The erission; at ',:illiars ;WFP are clearly hiqher triar the other Air For(:e

bases and are therefore used as input to the Short-Term Dispersion Program.

Pypothetical !reteoroloqical conditions were chosen so that the results would be

reasonably typical of "worst-case" conditions. Parameters chosen are listed in

table 2. Note that the wind direction and speed are held constant at 228" and

1.) meters per second. Since the runway is also at this anole, pollution concen-

tratlons will tend to be maximized since emissions along the entire operational

line will drift toward the receptors of interest. Wind speeds could drop below

9
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1.0 meters per second but usually only for brief periods or with other associated

turbulence. Mixing depths are assumed to range from 100 meters durinq the night-

time inversions to only 500 meters during the daytime. While any of the above

parameters could be more restrictive over brief time periods, the combination of

assumed values should produce results close to "worst-case" condition.

1I
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Table 1

WILLIAMS AFB SO2 EMISSIONS DY OPERATIONAL MODE

SO2 emissions
Operational mode (metric tons/year)

1. Idle at start up 6.3

2. Taxi before take-off 11.6

3. Enqine check 2.7

4. Runway roll 4.9

5a. Climbout--step 1 5.6

b. Climbout to 3000 feet 3.2

6a. Approach from 3000 feet 7.0

b. Approach--step 2 0.88

7. Landing on runway 1.7

8. Taxi after landing 9.0

9. Idle at shutdown 0.81

10. Tough-and-go operations 13.0

TOTAL, ALL AIRCRAFT 66.69

12
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Table 2

ASSUMED METEOROLOGICAL CONDITIONS

Mixinq
Wind Stability depth Temperature

Time direction Wind seed cate y (meters- __.F)
TParallel' (m/sec)

to
runway)

0100 227.98 1.0 6 100 66

0200 227.98 1.0 6 100 65

0300 227.98 1.0 6 100 66

0400 227.98 1.0 6 100 61.

0500 227.Q3 1.0 6 100 59

0600 227.98 1.0 6 I00 60

0700 227.98 1.0 6 100 58

0800 227.08 1.0 4 100 57

0900 227.98 1.0 4 100 64

1000 227.98 1.0 3 100 72

1100 227.98 1.0 3 250 75

1200 227.98 1.0 3 250 79

1300 227.98 1.0 3 500 81

1400 227 98 1.0 3 500 83

1500 227.98 1.0 3 500 84

1600 227.98 1.0 4 500 85

1700 227.98 1 .0 4 500 8

1800 227.98 1 .0 4 300 79

1900 227.98 1 .0 5 100 74

2000 227.98 1 .0 5 100 70

2100 227.98 1 .0 6 100 65

2200 227.98 1 .0 6 100 62

2300 227.98 1.0 6 100 59

2400 227.98 1 .0 6 100 61

13
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SECTION IV

?RESENTATION OF RESULTS

The tabular computer output from the Short-Term Dispersion Program indicates

that maximum air quality levels of SO2 occur approximately 2 kilometers downwind

from the runway center. A receptor in this location receives pollution contribu-

tions from all ground operations, most approach operations, and some take-off

operations under the assumed wind direction. Concentrations at this distance are

shown in figure 2 as a function of the diurnal time. Aircraft are not normally

flown between 0000 to 0600 and 1800 and 2400 and therefore produce no concentra-

tions during those times. Maximum 3-hour average concentrations are shown to

occur betweei 0600 and 0900 in figure 2. Causal factors include thc aircraft

emissions which are high during this time due to the large numbe, of early-

morning operations and little atmospheric mixing resulting from the stable night-

time conditions.

Predicted average concentrations between 0600 and 0900 are presented as a

function of downvind distance in figure 3. Maximum concentrations of 20.6
micrograms per cubic meter (ug/m 3 ) resultinq from the current sulfur levels and

413 ig/m3 resultinq from the hypothetical maximLm projected sulfur levels are

both well below the Navional Ambient Air Quality Standard of 1300 wg/m'. The

very wide differences biutween the predicted levels and legislated levels indicate

that conclusions to be drawn from this analysis would tend to be insensitive to

minor errors in the assumed "worst-case" conditions or in inherent meteorological

dispersion inaccuracies. Note in this figure that ambient concentrations during

this peak time period are often below the sensitivity limit of instrument methods

used to determine compliance with national standards.

Results of a brief measurement study by the Air Force Flight Dynamics Labor-

atory art in agreement with the results of this study (ref. 5). Five tests of

approxima,.ely 30 minutes each were performed at a 100-feet ý,ehind KC-135 and

C-135B air,:raft. The West-Gieke analysis technique with a permeation tube

calibration w~s used. Results showed a SO2 range from .0009 to .019 PPM over

the ".amplinq period. Since the National Ambient Air Quality Secondary standard

is .02 PPM (60 micrograms per cubic meter) on an annual basis, an individual

14
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could stand 100 feet behind an aircraft continuously for an entire year and still
not receive a dosaqe in excess of levels allowed by the standards.

15
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Figure 2. S02 Concentrations versus Diurnal Time
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SECTION V

CONCLUS IONS

The predicted S02 ambient air quality levels are cunsiderably below the

legislated standards for projected maximum sulfur levels as well as cvrrent sulfur

levels. Direct comparisons usinq 3-hour and 24-hour averaging times are sumn-

marized in figure 4. These projected concentrations are only for the "wrst-

case" situation. Typical concentrations will be even much less than these values

for Air Force bases with average emission levels, wind directions othep than par-

allel to the runway, higher wind speed',, and for receptors more distant than 2

kilonmters from the runway center. Note that the difference between projected

concentrations and national standards is less for the 24-hour averaqinq timr.

period. This is probably due to using overly conservative "worst-case" meteo-

rological parameters. While the assumption of a con-stant mean wird direction

parallel to the runway may be valid for short time periods, it is ;inreulistic

for a 24-hour averaging time. Considerable wind meander would ccrur during that

period and would therefore tend to further reduce concentrations at any given

receptor.

Tne conclusion is therefore made that increasing -the sulfur ý.ontent in JP-4

by a factor of 20, as hypothesized, would not cause serious environmental con-

sequences. The arqument could be proposed that any increase in the ambient levels

of a pollutant as potentially dnqerous as S02, is environmentally unsound. How-

ever, this analysis has indicated that under the worst conditions t"e SO2 levels

would reach only a fractlor of the leqislated environmental standards at .lose

proximity to the airport, Under averaqe emission and meteoro-Iqical conditions,

the S%) increase would not even be measurable. The upper limit for sulfur in jet

fuels should therefore be governed primarily by engine durab 4lity factors and not

by environmental considerations.

18
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